ABSTRACT REBASE is a comprehensive database of information about restriction enzymes, DNA methyltransferases and related proteins involved in restriction-modification. It contains both published and unpublished work with information about recognition and cleavage sites, isoschizomers, commercial availability, crystal and sequence data. Experimentally characterized homing endonucleases are also included. Additionally,
INTRODUCTION
Since the last description of REBASE in the 2003 NAR Database Issue (1) , there has been considerable growth in the size of the database primarily due to the large number of restrictionmodification (RM) genes that can be found in the sequence databases. More than 200 bacterial and archaeal genomes are available from GenBank (2) and it is now clear that RM systems are much more common than had once seemed likely. Mainly, this is because of the difficulty of detecting Type I systems or solitary DNA methyltransferases by biochemical or genetic assay. Putative RM genes identified in these genomes are named systematically according to recently published nomenclature rules (3) and all have the suffix 'P' to indicate their putative status. The REBASE website (http://rebase.neb. com/rebase/rebase.html) summarizes all information known about every restriction enzyme and their associated proteins. This includes source, commercial availability, sequence data, crystal structure information, cleavage sites, recognition sequences, isoschizomers and methylation sensitivity. Within the reference section of REBASE, links are maintained to the full text of all papers whenever that is freely available on the web. Also, there is an extensive reciprocal cross-referencing between REBASE and NCBI. REBASE includes links to GenBank and PubMed, and NCBI's Linkout utility uses REBASE, PubMed and GenBank record numbers to hook directly into REBASE's enzyme, sequence, reference and genome data. Links to other major databases such as SwissProt (4), PDB (5) and PFam (6) are also maintained.
There are currently 3681 biochemically characterized restriction enzymes in REBASE and of the 3612 Type II restriction enzymes, 588 are commercially available, including 221 distinct specificities from a total of 253 total specificities known. As can be seen from Figure 1 , the major growth in REBASE during the previous two years has been in the number of putative genes for RM system components. More than 620 restriction enzyme genes and 2200 DNA methyltransferase genes can be identified in GenBank entries. The sequenced microbial genomes provide more than 1700 of these genes.
The method used to identify putative RM genes in DNA sequences has three fundamental components: the REBASE database itself, an expert-derived set of RM system features and a computer program designed to spot these features in anonymous sequences. Each sequence analyzed is checked for its overall sequence similarity to REBASE gene sequences. For DNA methyltransferase sequences, which are the primary indicator of an RM system, the presence, proper order and characteristic spacing of well-conserved motifs suggest the candidates. The more widely divergent genes of the restriction enzymes reside close to the genes for their cognate methyltransferases. Such associations point to potential restriction enzyme genes, even when they lack any similarity to genes of known enzymes. Publicly available sources of noneukaryotic sequences are also analyzed frequently by this system. All genes are manually inspected by a curator before entry into REBASE.
REBASE has its own dedicated webserver and can be searched extensively. Specialized information is available from the REBASE Lists icon and information about the sensitivity of restriction enzymes to DNA methylation can be found by clicking on the REBASE Methylation Sensitivity Icon. In the latter case, the data is shown in double-strand format so that the effects of hemi-methylation and doublestrand methylation are clearly differentiated. REBASE also has links to useful programs via the REBASE Tools icon. NEBcutter analyzes DNA sequences for the presence of restriction enzyme recognition sites (7). REBsites will generate theoretical digests of an input DNA with each of the 253 known specificities. REBpredictor is a tool for predicting restriction enzyme recognition sites that is an updated version of TABLES (8) and a specific BLAST (9) option permits a new sequence to be analyzed for RM genes.
The REBASE Genomes Icon leads to data for the currently sequenced 193 bacterial and 21 archaeal genomes. Schematic representations of the whole genomes and the individual RM system within them are available and, from the pages showing the sequence schematics, there are links to the major database entries for these genes as well as links that will identify the closest neighboring sequences. This can be extremely useful in making predictions about the recognition sequence specificity of newly sequenced systems. This whole section of REBASE provides a valuable resource for the annotation of the RM genes in a newly sequenced bacterial genome, particularly given the large numbers of RM systems that are often found. Scientists interested in using the sequence information in REBASE to annotate microbial genomes are encouraged to contact the REBASE staff.
